a b s t r a c t
The cerebellum has long been implicated in time perception, particularly in the subsecond range. The current set of studies examines the role of the cerebellum in suprasecond timing, using analysis of behavioral data in subjects with cerebellar lesions. Eleven cerebellar lesion subjects and 17 controls were tested on temporal estimation, reproduction and production, for times ranging from 2 to 12 s. Cerebellar patients overproduced times on both the reproduction and production tasks; the effect was greatest at the shortest duration. A subset of patients also underestimated intervals. Cerebellar patients were significantly more variable on the estimation and reproduction tasks. No significant differences between normal and cerebellar patients were found on temporal discrimination tasks with either sub-or suprasecond times. Patients with damage to the lateral superior hemispheres or the dentate nuclei showed more significant impairments than those with damage elsewhere in the cerebellum, and patients with damage to the left cerebellum had more significant differences from controls than those with damage to the right. These data suggest that damage to the middle-to-superior lobules or the left hemisphere is especially detrimental to timing suprasecond intervals. We suggest that this region be considered part of a network of brain structures including the DLPFC that is crucial for interval timing.
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A seminal series of experiments by Ivry and colleagues (Ivry & Keele, 1989; Ivry, Keele, & Diener, 1988) demonstrated that patients with cerebellar damage exhibited difficulty on tasks that required accurate timing. Although some additional studies (for review, see Ivry & Spencer, 2004) have supported the claim that the cerebellum is involved in timing, not all investigators have confirmed these effects. We address this on-going controversy here.
In the study of time perception, a distinction has been made between intervals under a second and those that range from a few seconds to minutes (Gibbon, Malapani, Dale, & Gallistel, 1997; Ivry, 1996) . On some accounts, different brain mechanisms and anatomic structures are assumed to mediate the processing of suband suprasecond time intervals (Lewis & Miall, 2003) . The cerebellum has been widely implicated in perceiving, and especially producing, intervals less than a second in duration (for review, see 1997; Rao, Mayer, & Harrington, 2001) . Further, at least one group of investigators has questioned the effect of cerebellar lesions on timing subsecond intervals (Harrington, Lee, Boyd, Rapcsak, & Knight, 2004) . They found no effect of patient status (lesion patient or control) on duration discrimination, or on the timekeeping component of variability on a tapping task with intervals of less than 1 s. Noting that many previous studies of the role of the cerebellum in timing had included patients with degenerative diseases involving, but not restricted to the cerebellum, these investigators questioned the claim that the cerebellum is crucial to timing.
Two reports involving patients with focal lesions of the cerebellum have examined its role in timing suprasecond intervals. One of these used a motor timing task in which the subject's experience of time is operationalized by the latency to make a response, and the other used a perceptual timing task, which did not require a motor response to define the time interval. Some (e.g., Bueti, Walsh, Frith, & Rees, 2008; Lewis & Miall, 2003) but not all (e.g., Keele, Pokorny, Corcos, & Ivry, 1985; Merchant, Zarco, & Prado, 2008; Robertson et al., 1999) investigators have proposed that different mechanisms may be responsible for each type of timing. Using a reproduction (motor timing) task with intervals ranging from 8 to 21 s, Malapani, Dubois, Rancurel, and Gibbon (1998) showed an increase in variability in patients with lesions restricted to the cerebellar hemispheres as compared to those with lesions of the midline cerebellum and vermis. Mangels, Ivry, and Shimizu (1998) compared perceptual timing in patients with cerebellar lesions and patients with prefrontal lesions with an adaptive psychophys-
